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Abstract
Background: The effectiveness of teaching critical appraisal to students of Complementary and
Alternative Medicine (CAM) has not been studied. In this study we attempt to determine if a
workshop for final year students at a naturopathic college improved their ability to utilize critical
appraisal concepts.
Methods: We assigned 83 Naturopathic Interns to two groups: Group A (n = 47) or Group B (n
= 36). We conducted a baseline assessment of all subjects' critical appraisal skills. Group A was
assigned to receive a 3 1/2 hour workshop on Evidence Based  Medicine (EBM) and Group B
received a workshop on bioethics (control intervention). The groups critical appraisal skills were
re-evaluated at this time. We then crossed over the intervention so that Group B received the EBM
workshop while Group A received the bioethics workshop. Assessment of critical appraisal skills
of the two groups was again performed.
Results: The students mean scores were similar in Group A (14.8) and Group B (15.0) after Group
A had received the intervention and Group B had received the control (p = 0.75). Group scores
were not significantly improved at the end of the trial compared to at the beginning of the study
(Group A: 15.1 to 16.1) (Group B 15.6 to 15.9). Student's confidence in reading research papers
also did not improve throughout the course of the study.
Conclusion: The final year is a difficult but important time to teach critical appraisal and evidence
skills. Single, short intervention programs will likely yield negligible results. A multi-factorial
approach may be better suited to implementing EBCAM than single short interventions.
Background
The use of Complementary and Alternative Medicine
(CAM) in the North American population has significant-
ly increased in the last decade [1]. The majority of deci-
sion-making in CAM is based on experience, observation
and traditional healing manuscripts. In contrast allopath-
ic medicine has moved away from these methods of deci-
sion-making towards a more evidence-based approach.
The term Evidence-Based Medicine (EBM) has been used
to describe this new paradigm for clinical decision-mak-
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ing. EBM refers to the conscientious, explicit and judicious
use of current evidence in making decisions about the care
of individual patients [2].
There is a growing call for CAM to also adopt evidence-
based medicine concepts as its use spreads amongst the
general population. One of the most effective ways of en-
suring that EBM is optimally used in CAM is to teach fu-
ture CAM practitioners critical appraisal skills which are
important tools in EBM. Many studies have examined the
effectiveness of teaching critical appraisal skills in under-
graduate medical and residency programmes [3]. Howev-
er, no studies have thus far examined the effectiveness of
teaching critical appraisal within CAM education. We
aimed to determine whether a critical appraisal educa-
tional intervention had an impact on naturopathic stu-
dents comfort in reading academic research articles, their
ability to critically appraise these articles and their atti-
tudes towards EBM.
Methods
Study population
Our study population was the final year students at The
Canadian College of Naturopathic Medicine, the largest
CAM training centre in Canada. We invited 83 students in
total to participate. Students were allocated to one of two
groups (Group A: n = 47 and Group B: n = 36). The group
to which students were allocated was based on their avail-
ability to ensure no conflict with their clinical rotation
schedules. Students in the two groups had an identical ed-
ucation over the previous three years in CAM modalities
and sciences. All students received a short course in re-
search methods in year 1 of their education, but none had
been trained formally in critical appraisal.
Study design
Our study consisted of three separate phases (See Figure
1). A baseline assessment of attitudes towards critical ap-
praisal and understanding of critical appraisal concepts
was conducted in both groups. Group A was then exposed
to the intervention, a 3 1/2 hour workshop on the concepts
of EBCAM and critical appraisal skills. Group B received a
control intervention, a 3 1/2 hour workshop on Bioethics
and philosophy. Students' abilities and attitudes towards
critical appraisal were then reassessed. We then crossed
over the two groups so that Group B received the work-
shop on critical appraisal and Group A the control inter-
vention. This cross-over ensured that all students received
the critical appraisal workshop. We conducted a final as-
sessment of abilities and attitudes towards critical apprais-
al following this stage. We recognized the potential of
diffusion of information amongst students' in Group A
and Group B and requested that students' not discuss the
sessions with their colleagues.
Educational intervention
The 3 1/2 hour intervention training sessions aimed to
teach question formulation and levels of evidence. We
taught Critical appraisal skills didactically while also al-
lowing for question and answers. No handouts were pro-
vided. The training program of both intervention and
control were delivered by the same instructor (#1) to
avoid bias.
The primary objectives of the intervention session were as
follows:
• How to structure a question
• How to derive search terms
• Understanding levels of evidence
• How to choose correct Critical Appraisal Tools
• How to critically appraise an article
Detailed intervention session activities
• We taught the students to convert common clinical sce-
narios into three and four part answerable clinical ques-
tions.
• We discussed databases and search strategies, recognis-
ing sources of best evidence in relation to CAM and sci-
ences. Journal quality and biases were discussed.
• We provided examples of the use of EBCAM in making
clinical decisions and using evidence to disprove com-
monly accepted beliefs.
• The bulk of the session was spent addressing the hierar-
chy of evidence, with particular emphasis placed on the
concept of controlled (both randomised and non-ran-
domised) trials. The User's Guides to the Medical Litera-
ture: How to Use an Article About Therapy or Prevention
[4] was used throughout as a template for reading articles
about therapy.
Control sessions
• The students received a 3 1/2 didactic lecture on the his-
tory and philosophy of Bioethics. No discussion of re-
search methods was allowed.
Assessment of students' attitudes and abilities
Students' self-confidence in their critical appraisal skills
was assessed by having students indicate a 10 point Likert
scale their response to the statement" I am comfortable
reading research ".BMC Medical Education 2002, 2 http://www.biomedcentral.com/1472-6920/2/2
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Figure 1
Phase 1
Phase 2
Phase 3
83 students eligible
Allocation to 
Group A (n=47)
Or Group B (n=36)
Group A (n=47) receive intervention 
session on EBCAM and Critical 
Appraisal
Group B (n=36) receive control session
Baseline assessment written test Baseline assessment written test
Group A answers written test (n=31) Group B answers written test (n=37)
Group A receives control session Group B receives intervention session on 
EBCAM and critical appraisal
  Group A (n=20) Final Assessment Group B (n=29)BMC Medical Education 2002, 2 http://www.biomedcentral.com/1472-6920/2/2
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Assessment of EBCAM concepts was performed using a
written test which included a study to critique, and a set of
questions relating to EBCAM concepts and levels of evi-
dence. We specifically examined the students' ability to do
the following:
• Formulate a question and develop a search strategy after
having been provided with a clinical scenario
• Critically appraise a supplied article.
• Understand EBM concepts.
The same written test was used for Phase 2 and Phase 3.
The clinical scenario and EBCAM questions remained un-
changed to determine more precisely the level of clinical
decision change in the students over the three phases.
However, the studies the students were asked to critically
appraise were changed [5–7]. The effectiveness of the
training intervention could be estimated by comparing
the outcomes before and after training in Group A or by
comparing the outcomes after initial training of Group A
to those of Group B.
Evaluation
Written tests were evaluated out of a score of a possible 23
per written test. A blinded investigator (#2) performed the
marking and assessment. Blinding codes were determined
and hidden by investigator #3. All investigators had previ-
ously determined the correct answers.
Statistical methods
For Groups A and B we calculated means scores, standard
deviations and 95% confidence intervals for written tests
and level of confidence in reading critical appraisal papers
at each Phase of the study.
T-tests were performed (one at each phase of the experi-
ment for each of our two outcome measures) in order to
test for performance differences between the two groups.
If the workshop was effective, we would expect to see no
difference in the baseline scores, a significant difference
between the groups in Phase 2 (with higher scores belong-
ing to the group who had already been exposed to the
training), and no difference between the groups at Phase
3 (since both had received the training by this point). We
would further expect scores for both groups at Phase 3 to
be higher than they initially were at baseline.
Results
The flow of students through the trial is displayed in Fig-
ure 1 (See Figure 1). Student compliance to the trial is
shown in Table 1. A total of 41 % of students did not com-
plete all phases of the trial (See Table 1). However, ample
attendance (82%) during the first two phases allows us to
observe differences in the groups receiving the different
workshops.
Table 1: Attendance/Compliance
Phase Total n Total % Group A (n) % Group B (n) %
1 83 100 47 100 37 100
2 6 8 8 2 3 18 13 69 7
3 4 9 5 9 2 04 32 25 9
Table 2: Scores, out of a possible 23 per phase
Phase Group A Mean Score (95% C.I.) SD Group B Mean Score (95% C.I.) SD P-value*
1 15.1 (10.5–20.6) 3.2 15.6 (14.1–16.0) 2.5 0.45
2 14.8 (14.3–15.7) 2.5 15.0 (13.9–15.7) 2.3 0.75
3 16.1 (14.9–16.8) 3.0 15.9 (14.8–17.4) 3.0 0.77
* based on student t-testBMC Medical Education 2002, 2 http://www.biomedcentral.com/1472-6920/2/2
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Scores
Table 2 displays the mean scores obtained by students
writing the question formulation and critical appraisal
written tests from all phases of the trial by groups. The
written tests were scored out of a possible 23 (See Table
2).
No significant difference in either test scores (p = 0.45) or
self reported confidence scores (p = 0.58) were found dur-
ing this phase of the experiment, suggesting that no initial
differences were present between the two groups (See Ta-
ble 3).
The 2nd phase of the study revealed no differences in test
scores (p = 0.74) or self reported confidence scores (p =
0.36), suggesting that even after one group had received
training in EBM, their scores were not found to be signifi-
cantly higher than those of the subjects who had not yet
received any training.
Again at the 3rd Phase of the analysis, we did not find any
evidence to suggest a difference in performance between
the two groups, either in their test scores (p = 0.77) or
their self-reported confidence (p = 0.58).
Student confidence
The Likert scale (1–10) was used to determine student's
self-perceived confidence in reading medical research. Ta-
ble 4 illustrates the mean scores of the groups. Student
self-perception of confidence tended to increase slightly
during the trial, although not to a level that was statistical-
ly significant (See Table 4). Many students verbally ex-
pressed interest in ongoing training in EBCAM.
Discussion
The present study was undertaken to investigate whether
or not the introduction of a single educational interven-
tion such as a workshop would positively influence the
critical appraisal skills and confidence in reading scientif-
ically written research papers of students of naturopathy.
Our results indicate that a one-time academic interven-
tion in the form of a workshop did not appear to provide
any measurable effect in either skill or confidence. There
may be several reasons for the lack of effect. Our study de-
sign may not have been adequately powered to identify
smaller differences in improvement. This lack of power
was magnified by a high dropout rate. The high dropout
rate may have also introduced important systematic bias
as the students who continued on in the trial may have
been more motivated learners, recognised the importance
of learning EBM skills, or were previously familiar with
critical appraisal.
Another important reason exists as to why we observed no
effect with our academic intervention. Critical thinking is
not a mechanistic change, instead requiring a level of cog-
nition developed over time, akin to a cultural shift. The in-
tense clinical schedule experienced by final year students
Table 3: Difference between groups through course of study
Phase Measurement Mean Difference SD of Difference 95% Confidence Interval for Difference
1T e s t  S c o r e 0.493 2.921 (-0.788, 1.774)
Confidence -0.279 2.245 (-1.287,0.728)
2T e s t  S c o r e 0.188 2.391 (-0.957, 1.332)
Confidence -0.427 1.890 (-1.354,0.500)
3T e s t  S c o r e-0.243 2.869 (-1.883, 1.397)
Confidence 0.240 1.482 (-0.627, 1.106)
Table 4: Mean student confidence in reading research, on a Likert scale (1–10)
Phase Group A Mean Score (95% C.I.) SD Group B Mean Score (95% C.I.) SD P-value*
1 6.8 (4.4–8.7) 2.3 6.5 (6.2–7.5) 2.2 0.58
2 7.0 (6.3–7.6) 1.8 7.0 (6.8–8.0) 2.0 0.36
3 7.3 (7.1–8.0) 1.5 7.6 (6.6–8.0) 1.3 0.58
* based on student t-testBMC Medical Education 2002, 2 http://www.biomedcentral.com/1472-6920/2/2
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does not provide the opportunity to reflect and observe
new concepts in relation to past studies. Students may
also not want to learn something which suggests that the
paradigm in which they have invested a great deal of intel-
lectual and personal capital may be wrong or lack sound
evidence. Students enter CAM studies with either a "holis-
tic" or "scientific" worldview, and are unlikely to change
[8], potentially rendering it difficult to change their clini-
cal behaviours and perhaps forego a CAM modality. It is
possible that philosophical values are too strongly in-
grained to allow EBCAM in this population. Similarly, it
may be that the 4th year students have developed an atti-
tude that they already practice evidence-based medicine
using their own understanding of what constitutes best
evidence.
There are several complex factors involved in effectively
teaching EBCAM to students of naturopathy, despite there
being real potential for increasing EBCAM usage amongst
students in the aim of affecting clinical practice. The final
year is a difficult but important time to teach critical ap-
praisal and evidence skills [9]. Single-intervention strate-
gies are the most commonly used ways to introduce
critical appraisal skills in CAM institutions, and educa-
tional gains achieved by these approaches may be small
and need to be replaced by a multi-staged and multi-fac-
torial approach introduced earlier into their learning ex-
perience. On a positive note, all but one of the
participants answered in the affirmative when asked
whether or not they thought that an evidence-based ap-
proach to CAM would benefit their profession. This sug-
gests that students may be receptive to a more
comprehensive approach to teaching EBM.
Conclusion
Our study did not find that a single academic intervention
consisting of a workshop to teach critical appraisal skills
was able to improve student's confidence in evidence-
based concepts or their ability to apply these concepts.
However, introducing an evidence-based approach to
CAM remains an important objective. We recommend
that future studies examine the effectiveness of interven-
tions introduced early in the curriculum and that carry on
throughout the student's CAM education.
Competing interests
None declared
References
1. Wooten JC, Sparber A: Surveys of complementary and alterna-
tive medicine: part I. General trends and demographic
groups. J Altern Complement Med 2001, 7:195-208
2. Sackett DL, Rosenberg WMC, Gray JAM, Haynes RB, Richardson WS:
Evidence-based medicine: what it is and what it isn't. BMJ
1996, 312:71-2
3. Norman G, Shannon S: Effectiveness of instruction in critical ap-
praisal (evidence-based medicine) skills: a critical appraisal.
CMAJ 1998, 158:177-81
4. Guyatt GH, Sackett DL, Cook DJ: Users Guides to the Medical
literature, II. How to Use an Article About Therapy or Pre-
vention. JAMA 1994, 271:59-63
5. Rastogi DP, Singh VP, Singh V, Dey SK: Evaluation of homeopathic
therapy in 129 asymptomatic HIV carriers, Br Hom J 1993,
82:4-8
6. Lindahl O, Lindwall O: Double blind study of a valerian prepara-
tion. Pharmacol Biochem Behav. 1989, 32:1065-6
7. Loch EG, Selle H, Boblitz N: Treatment of premenstrual syn-
drome with a phytopharmaceutical formulation containing
Vitex agnus cactus. Journal of Women's Health and Gender-Based
Medicine 2000, 3:315-320
8. Boon H: Canadian naturopathic practitioners: holistic and sci-
entific world views. Soc Sci Med. 1998, 46:1213-25
9. Kitchens JM, Pfeifer MP: Teaching residents to read the medical
literature: a controlled trial of a curriculum in critical ap-
praisal/clinical epidemiology. J Gen Intern Med 1989, 4:384-7
Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMedcentral will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Paul Nurse, Director-General, Imperial Cancer Research Fund
Publish with BMC and your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours - you keep the copyright
editorial@biomedcentral.com
Submit your manuscript here:
http://www.biomedcentral.com/manuscript/
BioMedcentral.com